ABSTRACT The total volume of Leydig cells in the testes of men coming to necropsy with a history of chronic bronchitis and emphysema of at least 15 years' duration, and with morphological evidence at necropsy of the cardiopulmonary effects of hypoxia, was significantly less than the volume in matched controls (0O98 (SD 0O39) and 093 (0-42) ml v 1 -66 (0 54) and 1 72 (0 52) ml for left and right testes respectively; p < 0O005). This atrophy may be a consequence of hypoxic inhibition of pituitary synthesis or release of luteinising hormone.
Introduction
Hypoxaemia as a consequence of chronic bronchitis and emphysema, idiopathic pulmonary fibrosis, and alveolar hypoventilation causes disturbances in the function of the hypothalamic-pituitary-gonadal axis in men.' -This is reflected in a depression of serum concentrations of testosterone, an effect also seen during exposure of unacclimatised men to the hypobaric hypoxia of natural high altitude.8 After one month's exposure to prolonged continuous hypobaric hypoxia, the testes of rats contain a significantly smaller volume of Leydig cells than do normoxic controls, a morphological change that is manifest functionally as a depression in concentrations of serum testosterone. 9 10 The aim of this study was to ascertain whether longstanding chronic bronchitis and emphysema with their attendant hypoxaemia induces changes in the population of Leydig cells in man.
Methods

SELECTION OF CASES
Ten male subjects with chronic bronchitis and emphysema were selected from those coming to necropsy at the University Department of Pathology at the Royal Liverpool Hospital by application of the following criteria: (1) the clinical histories. In no case was the interval between death and necropsy greater than 18 hours.
FIXATION AND EXAMINATION OF PULMONARY TISSUE
Pairs of lungs were fixed in 10% formol-saline, all those from the bronchitic subjects and 10 of the 15 pairs from the control subjects by intratracheal perfusion. Sections from representative blocks of tissue were stained with haematoxylin and eosin and by an elastic and Van Gieson method. The degree of emphysema was not accurately assessed, since this was unnecessary for the purposes of this study. 
Results
All the bronchitic subjects in this study had right ventricular hypertrophy, and all had the changes of hypoxic pulmonary vascular disease. In three cases there was also hypertrophy of the medial muscle of muscular pulmonary arteries. The mean right ventricular weight for the 15 control subjects was 51 (SD 7.4) g.
Testicular weights and volumes in the two groups did not differ significantly. Mean (SD) weights and volumes for the testes of the controls were: right-22-4 (3-9) g, 24-0 (3.7) ml; left-215 (4.2) g, 22-9 (4.2) fig 1) , the difference being significant (p < 0-005 by Student's t test). In some of the bronchitic subjects the loss of Leydig cells was obvious even on cursory examination (fig 2) . An additional relevant finding was the absence of aggregates of apparently hyperplastic Leydig cells from the testes of subjects with chronic bronchitis. These were common in most of the control cases, and are considered to be a feature of the aging testis. 14 There was no difference in the cytological appearance of the Leydig cells of the 618 bronchitic and the control subjects. Other age changes, such as focal obliteration of groups of seminiferous tubules and thickening of the tunica propria, were found in both groups, and there was no difference in spermatogenic activity, although this showed wide variation from case to case.
Discussion
In a series of clinical investigations of hypothalamicpituitary-testicular function in men with hypoxaemia due to chronic bronchitis and emphysema, Semple et all-' showed that serum concentrations of testosterone were profoundly depressed. This was closely related to the degree of arterial oxygen desaturation, and was considered to be due to a direct inhibitory effect of hypoxia on the anterior pituitary. Similar depression of serum testosterone concentrations is seen in other conditions causing hypoxaemia, such as idiopathic pulmonary fibrosis6 and alveolar hypoventilation due to the "Pickwickian syndrome."7 The present study shows that in longstanding chronic bronchitis and emphysema with hypoxaemia there is loss of Leydig cells from the testis. Mean values for total Leydig cell volume from control subjects are in agreement with those from previous investigations,'5 although the normal range appears to be wide. " Care was taken to match the groups for age since, although testicular size, spermatogenesis, and synthesis of testosterone do not appear to be affected by increasing age,16 an increase in the total volume of Leydig cells in the testes of old men has been reported,"4 as have alterations in metabolism of testicular steroids. '7 A right ventricular weight of 80 g is usually taken as indicative of unequivocal right ventricular hypertrophy, although the normal range depends on body weight and to a lesser extent on height. 18 Most of the bronchitic subjects studied died with an artificially increased "lean" body mass as a result of systemic oedema, and therefore 80 g was taken as the upper limit of normal provided that this was still above the upper limit of normal calculated from body height. All of the 10 bronchitic subjects had muscularised pulmonary arterioles, and three showed arterial muscular hypertrophy. The latter change is uncommon in hypoxic pulmonary vascular disease, in contrast to Gosney other types of pulmonary hypertension, probably because the increase in pulmonary arterial pressure is not so great.'9 All patients except subject 2, who had had only one documented episode of hypoxia, had suffered many episodes of arterial hypoxaemia as judged by measurement of arterial blood gases on several occasions.
The method of measuring total Leydig cell volume has been used widely in the study of both human" 14 15 and non-human9 20 testes and provides accurate results, even when overall testicular volume is measured in the living subject and the proportional Leydig cell volume is calculated from a single biopsy specimen.
The smaller population of Leydig cells in the testes of the subjects with chronic bronchitis and emphysema is typical of the atrophy of endocrine tissues that occurs when there is a decrease in their stimulation, and would be expected as a consequence of diminished levels of gonadotrophins, particularly luteinising hormone. The latter has as its primary effect in the male the stimulation of steroidogenesis by testicular Leydig cells,'6 and levels of serum luteinising hormone have been shown to be decreased in men with depressed levels of testosterone due to hypoxaemia during exacerbations of chronic bronchitis and emphysema5 and in subjects with idiopathic pulmonary fibrosis6 and alveolar hypoventilation.7
An analogous picture is seen in unacclimatised subjects exposed acutely to the hypobaric hypoxia of natural high altitude, where there is a decrease in serum levels of luteinising hormone2' and testosterone.8 In both circumstances the effects are transient, and in subjects with chronic bronchitis and emphysema, hormone levels return to normal when the exacerbation remits and hypoxia abates. Morphological effects in the relevant tissues might not therefore be expected except after either repeated episodes of short term hypoxia or in circumstances of chronic unremitting hypoxia. The subjects investigated in the present study were selected only if they had had clearly documented disease for at least 15 years, but at what point during the natural history of chronic bronchitis and emphysema with intermittent or chronic hypoxia does atrophy of Leydig cells begin? This is of some importance since, although concentrations of testosterone return rapidly to normal after an acute episode of hypoxaemia,4 this would be unlikely to occur so readily in cases in which considerable numbers of Leydig cells had actually been lost from the testes. This has obvious implications, particularly in the younger patient with severe disease.
This investigation provides morphological evidence of one aspect of the changes in endocrine function that are increasingly recognised in patients with
